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KEYWORDS Abstract Focal nodular hyperplasia (FNH) is the second most common benign tumor of the
Focal nodular liver, after hemangioma. It is generally found incidentally and is most common in reproduc-
hyperplasia; tive-aged women, but it also affects males and can be diagnosed at any age. Patients are rarely
Diagnosis; symptomatic, but FNH sometimes causes epigastric or right upper quadrant pain. The main
Management; clinical task is to differentiate it from other hypervascular hepatic lesions such as hepatic ad-
Ultrasonology; enoma, hepatocellular carcinoma, or hypervascular metastases, but invasive diagnostic proce-
Contrast-enhanced dures can generally be avoided with the appropriate use of imaging techniques. Magnetic
ultrasonography. resonance (MR) imaging is more sensitive and specific than conventional ultrasonography

(US) or computed tomography (CT), but Doppler US and contrast-enhanced US (CEUS) can
greatly improve the accuracy in the diagnosis of FNH. Once a correct diagnosis has been made,
in most cases there is no indication for surgery, and treatment includes conservative clinical
follow-up in asymptomatic patients.

Sommario L’iperplasia nodosa focale (FNH) e il tumore epatico benigno piu frequente dopo
’angioma. E’ di solito rilevata in modo occasionale, per lo pit nelle donne in eta fertile, anche
se si puo riscontrare in entrambi i sessi e ad ogni eta. | soggetti portatori raramente sono sin-
tomatici, nonostante l’FNH possa essere causa di dolore ai quadranti addominali superiori. Nel-
la gestione dell’FNH il problema clinico principale & rappresentato dalla difficolta di
differenziarla dalle altre lesioni epatiche ipervascolarizzate, come [’adenoma, |’epatocarcino-
ma o le metastasi ipervascolari, tuttavia utilizzando le opportune tecniche diagnostiche e oggi
possibile evitare il ricorso ad esami invasivi. La Risonanza Magnetica (RM) ha una sensibilita e
una specificita superiori rispetto a quelle dell’ecografia convenzionale e della Tomografia As-
siale Computerizzata (TC) per la diagnosi di FNH. L’uso dell’angioecografia perfusionale (CEUS)
e dell’eco-Doppler puo tuttavia aumentare in modo significativo la confidenza diagnostica
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nell’identificazione e nella caratterizzazione dell’FNH con ultrasuoni. Una volta posta con
certezza la diagnosi, nella maggior parte dei casi non ci sono indicazioni al trattamento
chirurgico e nei soggetti asintomatici € raccomandato un follow-up clinico.

© 2007 Elsevier Masson. All rights reserved.

Definition and epidemiology

The term focal nodular hyperplasia (FNH), which was
coined by Edmondson in 1958 [1], refers to a relatively com-
mon benign hepatic tumor. Focal nodular hyperplasia ac-
counts for 8% of all primary liver tumors and 25% of those
that are benign. In the latter category, it is second in fre-
quency only to hepatic hemangioma [2]. Focal nodular hy-
perplasia is often an incidental finding, and its prevalence
in the general population has been estimated at 0.9—3.0%
[3,4]. Until the mid-1980s, FNH was diagnosed with a fre-
quency similar to that reported for hepatic adenoma
[2,5], but since 1989 there has been a significant increase
in the number of cases of FNH while the number of adeno-
mas has remained unchanged. This trend does not appear
to be related to improvements in diagnostic techniques [5].

Focal nodular hyperplasia is more common in females
(female/male ratio: 8/1) [4]. The vast majority of cases
(82—91%) are diagnosed in women [6]. Roughly 20% of all
cases are characterized by multiple tumors [2,7]. In female
patients, most of the lesions are identified between the
third and fourth decades of life, as demonstrated in numer-
ous studies conducted over a long period of time [2,5,8]. In
men, FNH is diagnosed significantly later in life. The lesions
are smaller, but they display more severe morphological
atypia [9], and for this reason FNH in males is more likely
to be managed surgically [9].

Etiology

There are currently no unequivocal data on the cause of
FNH, and various hypotheses have been advanced. For
years, the tumors were attributed in large part to the use of
hormone preparations, in particular, oral contraceptives
[10,11]. This conclusion was based on the markedly higher
frequency of the tumors among women and the fact that
up to 85% of all women with FNH (depending on the series
being analyzed) had histories of oral contraceptive use
[8]. It has recently been disproved, however, by a large
study conducted in France. The authors of this study exam-
ined a total of 216 women and found that the incidence of
FNH was similar among those who used oral contraceptives
and those who did not [12]. At this point, it seems clear that
oral contraceptives do not play a direct role in the
pathogenesis of FNH, although the trophic effects of estro-
gen—progestin therapy could conceivably promote tissue
hyperplasia around a cicatricial lesion in the liver [13].
The use of birth control pills by women with FNH has also
been associated with intralesional hemorrhage [14,15]
and a rare case of spontaneous rupture of an FNH nodule
that caused acute intraabdominal bleeding [16]. Today,
most investigators regard FNH as a hyperplastic reaction
to the presence of a localized vascular malformation

(congenital or acquired) [13,17]. More specifically, compen-
satory liver-cell hypertrophy is thought to be triggered by
altered distribution of oxygenated blood within the hepatic
parenchyma, thus giving rise to the initial developmental
nucleus of the FNH nodule. Additional support for this hy-
pothesis has been provided by the demonstration that
bile-duct proliferation like that observed in FNH nodules
is a late but persistent response to ischemia in the human
liver [18]. In addition, the extracellular matrix in FNH nod-
ules has a composition similar to that found in the portal
tracts, and it has been shown to contain vitronectin de-
posits, which are a reflection of local vascular disturbances
[19].

Macroscopic and microscopic
structural features

Focal nodular hyperplasia develops within hepatic paren-
chymal tissue that is otherwise histologically normal. Mac-
roscopically, the tumor is characterized by the presence
of depressed, grayish-white scar, which is generally (but
not always) located at the center of the lesion, with fibrous
septa radiating outward, toward the periphery of the tumor
(Fig. 1). This stellate scar is found in only 50% of all FNH
nodules, but its presence is regarded as pathognomonic
[4]. The lesion itself is usually lighter in color than the
tissue that surrounds it, and it sometimes has a yellowish
hue. FNH nodules are generally not capsulated; their mar-
gins are well defined, and they are sometimes lobulated
[2]. Subcapsular localizations are not uncommon, and in
some cases (5—20%) the tumor is pedunculated. Apart

Fig. 1
FNH. Yellowish nodules (straight black arrow) surrounded by
multiple fibrous septa (white arrow) and a central scar (*) are
visible. Note that there is no fibrous capsule at the interface
of the lesion and the liver.

Gross pathologic features of a resected specimen of
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from the central scar, the most common macroscopic fea-
ture (present in around 80% of all cases) [4] is the presence
of multiple pseudolobules with fibrovascular and ductular
areas that radiate from the perilobular septa [20]. Around
1—-2% of all FNH nodules contain areas of calcification
[21]. Histologically, FNH contains all the cell types found
in normal hepatic parenchyma, but their structural organi-
zation is anomalous. The lesion includes a rearrangement of
structurally normal hepatocytes and Kupffer cells with foci
of bile-duct proliferation. The triglyceride and glycogen
contents of the hepatocytes are often increased, and the
cells are arranged in numerous spherical aggregates con-
sisting of flat, thickened laminae. Earlier studies suggested
that the hepatocytes in FNH nodules were clonal in origin
[22], but later studies based on inactivation of the X-chro-
mosome demonstrated that the cells were actually poly-
clonal, which indicated that the lesions are probably
reactive [23]. The bile ducts within the nodules present
signs of active, exuberant proliferation, and they are not
connected to the biliary tree. The ducts themselves (espe-
cially those in the peripheral regions of the fibrous septa)
are surrounded by an intense inflammatory infiltrate.
Within the nodule, the number of progenitor cells is in-
creased [24], probably as a result of the overexpression of
transforming growth factor-alpha that occurs in FNH and
is particularly evident at the level of the proliferating bile
ducts [25]. Occasionally, the periseptal zones display evi-
dence of fatty degeneration [26], bile formation, and Mal-
lory bodies. Specific assays for copper may reveal
deposits of the metal within the nodules.

The vascular features of the lesion, which are quite
peculiar, play a primary role in diagnosis of these nod-
ules. There is a hypertrophic feeding artery that develops
centripetally and terminates in the central scar. Its
branches radiate outward, running through the fibrous
septa. Their walls are thickened secondary to fibromuscu-
lar hyperplasia of the intima with concentric or eccentric
restrictions of the lumen. Capillarization of the sinusoids
has also been reported along with the absence of portal
vessels and the central hepatic veins. The arterial and
capillary network does not communicate with the portal
circulation and nodular blood drains directly into the he-
patic venules with a variable amount of arterovenous
shunting [27].

The telangiectatic form of nodular hyperplasia is a histo-
logic variant [4] found in 9.5—19% of all cases, depending on
the series being examined [4,28]. The main feature that
distinguishes it from classic FNH is the presence of hyper-
trophy of the tunica media of the arteries in the absence
of intimal proliferation. In 10—20% of all cases, the presen-
tation is atypical. These forms rarely include a fibrous scar,
and they may contain zones of hyperplasia, adenomatous
changes and even large-cell dysplasia [4].

Associated conditions

Focal nodular hyperplasia (particularly cases characterized
by multiple lesions) can be associated with hepatic
hemangiomas, an association found in 23% of the FNH
patients examined in a French study [29]. The coexistence
of FNH and hepatic adenomas [30,31], which are included

in the differential diagnosis of FNH, is much less common
(3.6%). This association seems to be promoted by the pres-
ence of vascular anomalies, thrombotic events, or local-
ized arterovenous shunts [4,32]. The association between
FNH and fibrolamellar hepatocellular carcinoma is still
the subject of some debate. Some authors maintain that
the latter tumors are the malignant counterparts of FNH
[33], but thus far there has been no proof that FNH nodules
undergo malignant transformation. There have also been
reports of rare associations of FNH with other types of vas-
cular anomalies [28,34], which lend support to the hypoth-
esis that multiple FNH nodules occur within a syndromal
context [7] related to irregular arterial support in the liver
with areas of localized hypoperfusion. These associated
anomalies include congenital absence of the portal vein
[35,36], inflammatory pseudotumors of the liver [37], he-
patic-vein thrombosis [38], and intrahepatic arterovenous
shunting [39]. FNH has occasionally been found in associa-
tion with extrahepatic pathology such as cerebrovascular
anomalies [40], sickle-cell anemia [41], cystic dysplasia
of the kidney [35], Klippel—Trenaunay syndrome [42], ce-
rebral meningiomas and astrocytomas [28], and hereditary
hemorrhagic telangiectasia [43]. Focal nodular hyperplasia
has also been described in patients with glycogen-storage
disease [44] although the latter condition is much more
frequently associated with hepatic adenomas. There have
also been reports of FNH nodules adjacent to a hemangioma
and an adenoma (as well as a hydatid cyst) in the same
liver [45].

Clinical aspects

In the vast majority of cases, focal nodular hyperplasia is
initially asymptomatic. In some patients (mainly those with
large nodules), FNH causes vague, nonspecific abdominal
pain (related to pressure exerted on Glisson’s capsule or, if
the nodule is superficial, on adjacent organs), dyspepsia,
feelings of fullness or epigastric discomfort [5]. The results
of liver function tests are typically within normal limits
[46], as are a-fetoprotein levels [5]. Mildly elevated levels
of yGT alone can, however, be found in about half of all
cases [5]. Cases of spontaneous regression of FNH nodules
have been reported in the literature, including one of 16
patients enrolled in an ultrasound study conducted in Italy
[47]. In another study based on computed tomography (CT)
and magnetic resonance (MR) imaging follow-up of 18 FNH
nodules [48], six remained stable over time, two increased
in volume, and 10 regressed spontaneously. There have also
been reports of the recurrence of multiple FNH nodules af-
ter surgical resection [49], an event that was attributed to
a ‘‘progressive’’ variant of the disease.

FNH nodules generally show no malignant transforma-
tion tendency [50]. The complications they cause include
intralesional hemorrhage, which occurs in 2—3% of all cases
[5]. (Such complication is much more frequently encoun-
tered in hepatic adenoma.) Obstruction of the hepatic
vein is even less common [51], and there has even been
one report of Kasabach—Merritt syndrome (characterized
by thrombocytopenia, hemolytic anemia, disseminated in-
travascular coagulation secondary to vascular malforma-
tions) that was attributed to FNH [52].



Hepatic focal nodular hyperplasia

119

Sonographic features

The histologic features that distinguish FNH from other
focal hepatic lesions are also important in the ultrasound
examination: the presence of a feeding arteriole that
develops centripetally and is enclosed within the central
scar and the radiating pattern of the intralesional arteries
[53—55]. On B-mode studies (Fig. 2), the appearance of FNH
is nonspecific and variable [56]. In approximately 75—80% of
cases, the lesion appears isoechoic or mildly hypoechoic
with respect to the surrounding hepatic parenchyma
[57,58]. Hyperechoic nodules are less common. When the
nodule is isoechoic, displacement of vascular structures
may be the only sign of its presence. As the nodule in-
creases in size, its echostructure becomes increasingly in-
homogeneous. In some cases, the lobulated profile of the
nodule can be appreciated (Fig. 2b), and the margins may
be quite clear or poorly defined (Fig. 2a). Some nodules
also present a hypoechoic halo (Fig. 3) that represents per-
ilesional tissues (parenchyma or blood vessels) compressed
by the nodule. It is usually more evident when the sur-
rounding parenchyma is steatotic [59]. The central scar
can be visualized in a limited percentage of cases: the re-
ported figures range from 19% to 47% [47,60,61]. It usually
appears mildly hyperechoic on B-mode scans (Fig. 4).
Color and power Doppler studies of FNH nodules provide
sufficient data to reach a diagnosis (65—70% of the studies
performed), but in around one-third of all cases [53]
they fail to reveal the typical stellate or spoke-wheel
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distribution of arterial vessels (Fig. 5), which arise from
a hypertrophic central feeding artery that generally in-
creases in caliber as the blood supply increases [58]. In
rare cases, hypertrophy can also be detected at the level
of the hepatic artery (Fig. 6), which has a tortuous, cork-
screw-like appearance consistent with that of the feeding
artery. In most cases, spectral analysis will reveal arterial
signals in and around the nodule (Fig. 7). Flow through
the central artery is pulsatile with a high peak systolic fre-
quency (>1 kHz) and low impedance, which correspond to
a resistance index (RI) (calculated as peak systolic fre-
quency shift minus end-diastolic frequency shift divided
by peak systolic frequency shift) of less than 0.65 (typically
within range: 0.50—0.55) [62]. This is significantly lower
than the RI of the hepatic artery, and it probably reflects
the dystrophic changes in the nodular arteries. Measure-
ment of impedance on arterial tracings during spectral
analysis is important for distinguishing FNH nodules from
malignant lesions, such as hepatocellular carcinoma or liver
metastases. Large metastatic? lesions may have radiating
vascular patterns similar to those of FNH [63,64]. In all
three types of lesions, spectral tracings may present high
peak systolic frequency values, but the RI of an FNH nodule
is generally lower than that of a malignant lesion, which is
usually >0.70 [65]. In rare cases, spectral analysis will re-
veal continuous intralesional flow, which (when present)
represents venous drainage [66]. This finding complicates
the differential diagnosis considerably as intranodular ve-
nous flow is typical of hepatic adenoma. In contrast, FNH

FNH features on conventional B-mode ultrasound: (a) gray-scale sonogram shows a 25-mm inhomogeneous FNH nodule

with poorly delimited border; (b) large, partially exophytic, lobulated FNH nodule, 96 mm in diameter, in the left lobe of the liver.
The lesion appears isoechoic to the surrounding tissue; (c) partially exophytic, hyperechoic FNH nodule (75 mm in diameter) found

in the VIII hepatic segment.
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Fig. 3 A 40-mm FNH nodule located in the VI hepatic seg-
ment. A thin hypoechoic rim can be seen surrounding the inho-
mogeneous isoechoic lesion.

nodules often show large venous vessels in the periphery,
along the margins.

The recent use of ultrasound contrast agents has proved
to be very helpful in the sonographic characterization of
these nodules [56,67—72]. Astudy of 61 focal lesions [67] was
conducted to determine whether use of a first-generation
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Fig. 4 Hypoechoic central fibrous scars (yellow arrow) de-
tected in two FHN nodules: (a) 45 mm in the VIl segment and
(b) 39 mm in the V hepatic segment.

MPX
ESAOTE US MED UNIV BOLOGNA 13/01/2006 PB 4
B:3.5 / DPT 128mm / G 130 i Hz /FLT H/G 25 11:20:13  SCC 3
ENH 2

MPX
AOTE US MED UNIV BOLOGNA 13/01/2006 FPB 4
B:3.5 / DPT 128mm / 6 130 CFH:2.8 /PRF 4.0kHz /FLT H/G 78 11:21:11 scc 3
ENH 2

-1.4dB HI 0.4 TIS 0.4

Fig. 5 (a) Conventional color and (b) power Doppler of an 85-
mm FNH nodule located in the VII-VIII hepatic segments re-
veals a spoke-wheel pattern corresponding to arteries radiating
toward the periphery.

contrast agent (Levovist®, Schering AG) could increase the
sensitivity of the power Doppler examination for identifying
the typical vascular pattern of FNH (Fig. 8). The feeding ar-
teriole was identified in a significantly higher percentage of
cases in the contrast-enhanced examination (98% of all cases
versus 85% when power Doppler was used without contrast
enhancement). This difference was particularly evident
when the nodule being examined was located in the left
lobe of the liver, where motion artifacts are a greater prob-
lem. After injection of Levovist®, FNH nodules exhibit homo-
geneous enhancement and constant late-phase uptake of
the contrast agent, which reflect the peculiar distribution
of the arterial vessels within the nodule and distinguish
them from malignant tumors [69]. For the diagnosis of
FNH, this approach has proved to be both sensitive (83%)
and specific (98%) [70].

Additional improvements are seen when contrast-en-
hanced US (CEUS) is used with harmonic imaging and
second-generation contrast agents. Its use in FNH patients
was evaluated in a recent study [71], whose results have
yet to be validated in other series. In 23 of the 24 FNH nod-
ules examined, second-generation CEUS revealed marked
hyperechogenicity in both the arterial phase (8—22 s after
injection of the contrast agent) and the early portal phase
(12—30 s after injection).



Hepatic focal nodular hyperplasia 121

MPX
US MED UNIV BOLOGNA 13/01/2006 PB ESAOTE

B:GEN / DPT 12%mm / 6 140 CFH:

ESACTE
B:RES / DPT 128aa / 6 13

-1.448 HI 0.3 TIS 0.4 -1.4d8 NI 0.7 TIS 2.2

SAOTE
B:PEN / DPT 128mm

Fig. 6

UKLV BOLOGNA
/FLT H/G 108

Prominent hypertrophic hepatic artery with features suggestive of a feeding artery. The artery is well visualized on
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We recently studied 55 FNH nodules with CEUS using the
second-generation contrast agent, SonoVue® (Bracco
S.p.A., Milano, Italy) (Fig. 9). Fifty-two of these lesions ex-
hibited typical hyperechogenicity in the arterial phase and
the characteristic spoke-wheel pattern of vascularization
(personal data). In the other three nodules (all belonging
to the same patient), typical contrast enhancement was
not observed in the early phase, and they were identified
as FNH nodules only after surgical resection. This anoma-
lous behavior has no definite explanation, but was observed
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Fig. 7 Doppler spectral analysis of an intranodular feeding
artery shows an arterial pulsatile arterial waveform with high
peak flow (1.73 kHz) and low resistance (Rl = 0.51).

in only one patient and thus appears related to patient-
rather than lesion-specific abnormality. Contrast enhance-
ment of the liver began 17.2 s after the SonoVue injection
(range: 11-27s), and peak signal intensity (which in-
creased evidence of the hypervascularity of the lesion com-
pared with the surrounding parenchyma) was observed
after a mean interval of 23 s (range: 15—42). In the late-
phase, most of the lesions became isoechoic to the sur-
rounding parenchyma 37s after the SonoVue injection
(range: 20—655s). A few remained mildly hyperechoic or

Fig. 8 The characteristic ‘‘spoke-wheel’’ pattern of an FNH
nodule is seen on power Doppler after administration of the
first-generation ultrasound contrast agent, Levovist®.
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US appearance of an FNH nodule (85 mm) after administration of a second-generation contrast agent (SonoVue®): (a)

baseline image (11 s after contrast injection); (b) early arterial phase (18 s after injection); (c) late arterial phase (22 s after in-
jection); (d) portal phase (104 s after injection); and (e) delayed venous phase imaging (195 s after injection).

became slightly hypoechoic. These findings of ours are con-
sistent with those that have emerged from previous studies
[71,72], and they provide confirmation based on a larger se-
ries of lesions of previous descriptions of the CEUS features
of FNH: intense, homogeneous enhancement in the arterial
phase (present in 97.7% of the patients we examined) and
isoechogenicity or weak hyperechogenicity in the portal
and parenchymal phases (95.4% of our cases). None of the
lesions we studied presented frank hypoechogenicity in
the late phase, a feature that is more suggestive of a malig-
nant lesion.

Radiologic imaging techniques

Many authors maintain that magnetic resonance imaging
(MRI) is the imaging method of choice for the study of focal
nodular hyperplasia [5,73], especially for distinguishing
these nodules from hepatic adenomas. Compared with
the surrounding hepatic parenchyma, 94—100% of FNH
nodules appear uniformly isointense or hypointense on
T1-weighted MRI and isointense or mildly hyperintense on
T2-weighted images (Fig. 10) [58,74]. The isointensity of

the FNH nodule in sequences acquired before the adminis-
tration of the contrast agent reflects the presence of struc-
turally normal hepatocytes in these lesions, and this
feature plays a key role in differentiating these nodules
from other focal lesions. Even when an FNH nodule appears
hypointense, the difference with respect to the surround-
ing parenchyma is minimal. The central scar can be identi-
fied in 50—70% of moderate-to-large-sized nodules and
a much lower percentage of small lesions (<3 cm). It ap-
pears hypointense in T1 and hyperintense in T2 due to
the presence of blood vessels, bile ducts, and edema-induc-
ing phenomena [66,75], and these findings clearly differen-
tiate it from the lesional tissue around it. When the MRI
study is performed with a conventional vascular contrast
agent like gadolinium, the nodule displays intense, uniform
enhancement in the arterial phase followed by isointensity
in the late phase [59,76]. In contrast, the central scar is
characterized by relative hypointensity in the arterial
phase, but it can become hyperintense in the late phase.
The latter phenomenon is caused by persistence of the con-
trast medium within the lax mesenchymal tissue of the
scar.
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Fig. 10 MRI appearance of FNH: (a) T1-weighted in-phase image; (b) T1 out-of-phase image; (c) In a T2-weighted image, the FNH
nodule (yellow arrow) appears isointense to the surrounding liver parenchyma; (d) during the arterial phase of gadolinium-en-
hanced imaging, the entire nodule (except the central scar) displays intense, homogeneous enhancement; and (e) during the
late phase, the FNH lesion becomes isointense to the surrounding parenchyma.

Recent reports have analyzed the use of new contrast
agents in MRI [77], including superparamagnetics that are
specific for Kupffer cells (e.g., ferucarbotran) as well as
hepatobiliary agents like mangafodipir. After administra-
tion of the latter agent, FNH nodules appear isointense or
mildly hyperintense in T1-weighted images whereas malig-
nant hepatic lesions are hypointense because they lack
structurally normal hepatocytes [59,78].

Computed tomography (CT) can be a valid alternative to
MRI in the assessment of focal nodular hyperplasia (Fig. 11).
Before the administration of the contrast agent, FNH nod-
ules typically appear isodense or mildly hypodense to the
surrounding parenchyma. A hypodense central scar and
the fibrous septa that radiate from it can be visualized in
about one-third of all cases [60]. After the injection of
the contrast medium, the richly vascularized nodule dis-
plays rapid, transient enhancement in the early arterial
phase (20—30 s after injection) and isodensity in the portal
phase (70—90s after injection) [79,80]. During the late
parenchymal phase (up to 5 min after the injection of the
contrast medium), the FNH remains isodense to the

surrounding parenchyma. As on MRI, the central scar may
remain hyperdense even during the late phase. This reflects
the slow wash-out of contrast medium from the myxoma-
tous stroma that makes up the scar [79]. Brancatelli and co-
workers examined 78 subjects with FNH and were able to
visualize the central scar on CT in 65% of the large nodules
and 35% of the smaller lesions [80].

In selected cases, scintigraphy and angiography (ideally
with Lipiodol enhancement) can also be used for diagnosis
of FNH [81]. The latter study reveals a hypervascular forma-
tion with a central origin and centrifugal development. In
a high percentage of cases (70—80%), scintigraphy with
99Tc reveals normal or increased uptake of the colloid at
the level of the lesion, which reflects the high concentra-
tion of Kupffer cells in these nodules.

Differential diagnosis

The diagnosis of FNH is based on the demonstration in
imaging studies of the central scar, but this can also be seen
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Fig. 11

CT appearance of FNH: (a) on a precontrast CT image, the FNH nodule (black arrow) is only slightly hypoattenuating com-

pared with the surrounding liver tissue; (b) contrast-enhanced CT image obtained during the arterial phase shows homogeneous
enhancement of the lesion; the central scar (>) remains hypoattenuating; (c) in the portal; and (d) late phases, the lesion be-
comes isoattenuating with respect to the surrounding liver. A hepatic cyst () is also present.

as a zone of fibrosis in fibrolamellar hepatocellular carci-
noma [82], hepatic adenoma, and intrahepatic cholangio-
carcinoma. A second element that is fundamental to the
diagnosis of FNH is the presence on color and power Doppler
of the spoke-wheel pattern of vascularization with arterial
flow characterized by low resistance and high peak flow.
Unfortunately, these features may not be easy to document
in nodules measuring less than 4 cm. Therefore, in certain
cases, uncertainties can arise in differentiating FNH nodules
from other types of focal hepatic lesions [83]. From a clinical
point of view, it is extremely important to distinguish
between FNH and hepatic adenomas. In the latter case,
spontaneous rupture with intratumoral hemorrhage or he-
moperitoneum occurs in a substantial percentage of cases,
and these tumors are also subject to malignant degeneration
[7,8]. In these cases, the diagnostic accuracy of ultrasound-
guided fine-needle biopsy is quite high (94.7%) [84], but it
may be inconclusive, especially when the amount of tissue
collected is limited. In fact, cytology alone may not be suf-
ficient to distinguish FNH from well-differentiated
hepatocellular carcinoma or adenoma. Uncertainties are es-
pecially likely to arise in atypical variants that lack a central
scar or other typical imaging findings [85], and in these
cases, the best solution is histologic analysis of an ultra-
sound-guided biopsy specimen. To reach the nodule, the

needle has to pass through at least 1 cm of normal hepatic
parenchyma.

Management

Once the nature of an FNH nodule has been established, no
specific treatment is required if the patient is asymptom-
atic, and some authors advocate a ‘‘wait and see”’
approach [5,73]. This generally involves ultrasound exami-
nations every six months for the first three years after diag-
nosis. The frequency can be reduced once the disease has
stabilized with no change in nodule size or number. Surgical
resection should be considered if there is evidence of pro-
gressive growth or particularly large lesions (>10 cm in di-
ameter), symptoms of compression, or an increased risk
of hemorrhage related to trauma [86] (e.g., large subcapsu-
lar or exophytic nodules). Subcapsular nodules can also be
resected laparoscopically [87]. It appears that low doses
of estrogen are safe to use in FNH patients, but if there is
no strong indication for it, hormone therapy should gener-
ally be discontinued. There are a number of reports of preg-
nancies carried successfully to term in women with FNH
[12,88]. The nodules should be closely monitored, however,
since they may increase significantly in size during
pregnancy.
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